Technique of Aortic Valve Preservation in Acute Type A Aortic Dissection  by Yun, Kwok L. & Miller, D. Craig
Technique of Aortic Valve Preservation in Acute Type A 
Aortic Dissection 
Kwok L. Yun and D. Craig Miller 
Aortic. dissection is the most frequent catastrophe 
involving the aorta with 2,000 to 4,500 cases estimated 
to o w u r  annually in the United States. It is twice as 
common as ruptured ahdominal aortic aneurysm. The 
most cwmmon predisposing factor is hypertension; heri- 
table connec-tive tissue disorders, such as the Marfan 
syndrome o r  Ehlers-Danlos synclrome with their propen- 
sity for dissection caused h y  elastic tissue degeneration 
in the aortic. media, a r e  also associated with dissection. 
The primary event leading to aortic dissection is a tear 
in the aortic intima with sec:ondary extension into tht: 
media. The extent of proximal o r  distal dissection is 
variahle and can affect the origin of important aortic 
trihutaries I)y extrinsic compression of their t rue lumen 
h y  the false lumen and other mechanisms. 
The most important factor in the biologic behavior of 
aortic. dissec*tion is involvement of the ascending aorta, 
and not the location of the primary intimal tear o r  
extent of dissection propagation. Using the Stanford 
criteria.’ dissections involving the ascending aorta, 
irrespertive of the site of primary intimal tear and the 
distal extent of propagation, a re  termed type A dissw- 
tions. Those dissections not involving the ascending 
aorta a re  called type B dissections. Approximately 
two-thirds of dissections involve the ascending aorta,’ 
with over 80% of the primary intimal tears 1oc:ated just 
heyond the sinotuhular ridge. Patients with acute type 
A dissections require emergent surgical intervention. If 
untreated, the mortality rate is ahout 1% per hour 
during the first 48 hours and 75% within the first 2 
weeks.’ 
Approximately 50% to 70% of type A aortic: ctissec*- 
tions a re  c*omplic:ated h y  aortic: valvular rrgurgita- 
ti or^,:',^ which constitutes a major cause of morbidity 
and mortality. In  the setting of acute dissection, valvu- 
la r  insufficiency results from loss of commissural sup- 
port  (Fig l) ,  asymmt:tric* distortion of aortic: root 
geometry with consequent leaflet prolapse, o r  tearing of 
the annulus o r  leaflet. In these patients, some have 
advorated routine aortic. valve replac-rment with a 
separate aortic tuhe graft o r  as par t  of c:omposite aortic 
root replacement.”8 Because of the inherent risks 
associated with all prosthetic valves, including thromho- 
embolism, anticoagulant-relate(1 hemorrhage, paraval- 
vular leak, endocarditis, and structural deterioration 
(bioprostheses), we have always advocated a cwnserva- 
1 Schematic* illustration of the mechanism of aortic. regurgitation in patients with acute type A ciissec.tions as swn in the 
vranial-caudal and sagittal views. Typically, the primary intimal tear is located just distal the sinotuhular ridge. Aortic. 
insufficit-nc.y is caused hy proximal extension of the dissection process, resulting in disruption of cwmmissural support of the 
v a1 v t’ . 
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2 Transesophageal echocardiography in the long-axis view shows an acute type A aortic 
dissection. Note the presence of the intirnal flap (closed ar row)  and prolapse of the aortic valve 
cusp (open arrow) in the 2-D mode (top) and severe aortic regurgitation by color Doppler (bottom). 
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tive approach at Stanford University with replacement 
of the ascending aorta, resection of the primary tear, 
and resuspension of the native aortic valve whenever 
p o d ) l e .  
Diagnosis 
The most important factor in the diagnosis of acute 
aortic dissection is a high clinical index of suspicion. 
The diagnosis should be considered when a patient 
presttnts with acute signs and symptoms involving seem- 
ingly unrelated, multiple organ systems. The best initial 
diagnostic modality is the one that can be performed 
most rapidly and accurately in any particular institu- 
tion. The preferred screening test is transesophageal 
echocxrtliography (TEE). It is widely available and can 
be performed safely and rapidly at the bedside. Within 
minutes, TEE can determine with a high level of 
accuracy the presence of aortic dissection and reliably 
ascertain involvement of the ascending aorta in the vast 
majority of patients. It can also assess the presence of 
pericardial effusion or  tamponade, left 'ventricular 
systolic wall motion abnormalities, and mitral regurgita- 
tion. Importantly, the aortic valve can be evaluated for 
its cwmpetency and the aortic root pathology respon- 
sihle for any valvular insufficiency that is present can 
he delineated (Fig 2). Similar to TEE, magnetic reso- 
nance imaging (MRI) can identify the site of the primary 
intimal tear and determine the presence of aortic 
regurgitation (Fig 3), as well as pericardial effusion, 
pleural effusion, and meciiastinal hemorrhage. In  addi- 
tion, i t  can provide comprehensive imaging of the entire 
3 MRI VINNIE (top panels) and cine (hottom 
panels) of an acute type A aortic dissection during 
systole (right panels) and diastole (left panels). Note 
the presence of the intimal flap (closed arrow) and 
reversal of flow in the true lumen (open arrow) in the 
ascending aorta during diastole, diagnostic of aortic 
regurgitation. 
aorta and other structures. MRI can also provide 
information regarding blood flow within the true and 
false lumens; however, it is time consuming, relatively 
expensive, and is not available at some institutions. 
Consequently, it is reserved as a second-line diagnostic 
procedure of choice after TEE if any uncertainty 
remains concerning the diagnosis of aortic dissection or 
involvement of the ascending aorta. 
Initial Management 
As soon as aortic dissection is suspected, immediate 
medical treatment is initiated while confirmatory diag- 
nostic procedures are performed. A central venous catheter 
is inserted to measure central venous pressure and to 
administer drugs and fluid. When indicated, a pulmonary 
arterial catheter is placed to measure thermodilution 
cardiac output and to optimize fluid management. A 
radial artery catheter is inserted for continuous arterial 
blood pressure monitoring. The initial goals are to control 
blood pressure (mean arterial pressure in the range of 
60 to 70 mm Hg) and to maintain adequate cerebral, 
coronary, and renal perfusion. Intravenous morphine 
sulfate is given for pain management and a comhination 
of P-blockers (and/or calcium channel antagonists) and 
short-acting vasodilators is used for strict blood pres- 
sure control. Our choice of P-blockers includes either 
esmolol or  labetalol titrated to a targeted heart rate and 
blood pressure. In conjunction, sodium nitroprusside is 
frequently used as a pure vasodilator. Once an acute 
type A aortic dissection is confirmed, the patient is 
taken to the operating room for emergent repair. 
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SURGICAL TECHNIQUE 
d i  i. \ 
i 
4 The heart and the dissected ascending aorta are exposed via a median sternotomy. The ascending 
aorta is usually ecchymotic with a very thin adventitia containing the dissection and should only be 
manipulated with extreme care. Full cardiopulmonary bypass (CPB) is used for the repair of acute type 
A dissections. The femoral artery is cannulated for retrograde perfusion; if there is a discrepancy 
between the amplitude of the femoral pulses, the artery with the diminished or absent pulse is chosen for 
rannulation berause retrograde CPB flow through this iliac system is more likely to perfuse the aortic 
true lumen. In contrast, for patients with known chronic arteriosclerotic occlusive peripheral vascular 
disease, the artery with the best pulse is selected for cannulation. The arterial inflow is “Y-ed” to a 
second cannula to be used for antegrade reperfusion after construction of the distal aortic anastomosis. 
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4 (Continued) Bicaval cannulation via the right atrium is usually preferred. However, those with 
previous sternotomy or when the anatomical position of the heart renders atrial cannulation difficult 
with hemodynamic compromise, the femoral vein is used for venous access. Using a long (150 cm), large 
(0.038 in) guide wire, a long 28 or  32 francium (Fr) rnultifenestrated venous cannula is inserted via the 
femoral vein and advanced to the level of the right atrium. The position of the cannula tip can be 
confirmed by TEE or direct palpation. Systemic venous return, using this femoral-femoral CPB 
approach, can be markedly augmented with the use of a centrifugal (suction) pump. 
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5 CPB is commenced with flows maintained between 60 to 80 
mIJkghin during systemic cooling. Core temperature is usually 
lowered to 20" to 24°C in preparation for construction of the distal 
aortic anastomosis in a open fashion under profound hypother- 
mic circulator). arrest. Systemic venous return to the right 
ventricle is minimized with caval tourniquets and bronchial flow 
to the left ventricle is removed with a 14 Fr sump vent inserted 
into the main pulmonary artery. The aorta is mobilized from the 
pulmonary artery down below the sinotubular ridge. Surgical 
dissection is kept close to the main and llght pulmonary arteries 
so that all the aortic adventitia remains on the aortic root. When 
the heart fibrillates, left ventricular distension can usually be 
prevented with a vent inserted into the ventricle via the right 
superior pulmonary vein. In cases of severe aortic regurgitation 
with left ventricular distension, despite active venting, the ascend- 
ing aorta is cross-clamped low (towards the sino-tubular ridge). 
After core cooling to a systemic (bladder) temperature of 20" to 
24°C is achieved, CPB is temporarily stopped without total 
exsangination. Additional cerebral protection is provided by 
systemic barbiturates and mineralocorticosteroids as well as by 
packing the head in ice during the circulatory arrest period. The 
aorta is then transected circumferentially and a full-thickness 
distal aortic cuff is quickly dissected free at the level of the 
innominate artery (dotted line). As the dissection process invari- 
ably extends into or beyond the arch, a "hemi-arch" replacement 
is usually performed whereby the graft is beveled to replace the 
lesser curve of the transverse arch. The aorta is also transected 
proximally at a level just distal to the aortic commissures. 
Myocardial protection is provided by cold-blood cardioplegia 
delivered via a retrograde coronary sinus catheter and by topical 
myocardial cooling with the use of a Daily cooling jacket (Daily 
Medical Products, San Diego, CA). Myocardial temperature is 
maintained below 10°C with an initial cold-blood cardioplegia 
dose of 1,000 nlL followed by supplemental doses administered 
intermittently every 20 to 30 minutes. 
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6 The distal cuff is constructed with a strip of Teflon felt 
(Bard Vascular Grafts, Haverhill, MA) placed between the 
intima and adventitia to obliterate the false lumen. This is 
reinforced with an external strip of Teflon felt. 
? The full-thickness distal aortic cuff is prepared with the 
Teflon felt in place using a 4-0 SH-1 Prolene suture (Ethicon, 
Somerville, NJ). Starting at the left posterior corner, the posterior 
wall is reconstructed by running one arm of the suture in a left to 
right direction. 
8 The anterior wall of the distal aortic cuff is then 
completed by running the other arm of the suture upwards 
and to the right. 
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9 Next, a Hemashield woven double velour vascular graft 
(Meadox Medicals, Inc, Oakland, NJ) of appropriate size is 
selected based on the diameters of the proximal and distal 
aortic cuffs. However, because the aortic valve is to he 
resuspended, it is better to error for a smaller diameter graft, 
predicated on the diameter of the sino-tubular ridge. The 
graft is divided on an oblique bias and filleted open, 
depending on the amount of discrepancy between the graft 
and the larger diameter distal aorta. The graft is then 
anastomosed end-to-end to the distal aortic cuff in an open 
fashion. This technique not only ensures a more technically 
secure and reliable distal anastomosis, it also provides a more 
arcurate assessment of the extent of dissection and the 
condition of the arch vessels, and avoids further aortic injury 
from placement of the cross-clamp on the distal ascending 
aorta near the innominate artery. Starting at  the left poste- 
rior corner, the posterior aspect of the anastomosis is 
performed first by running one arm of a 54-in 3-0 SH or  4-0 
SH-I Prolene suture in a left to right direction from the inside 
and incorporating all layers of the aortic cuff. The needle is 
lwought through the tissue on its full curve with gentle, yet 
constant, “following” traction placed on the suture by the 
first assistant, thereby avoiding needle-hole tearing of the 
fragile aortic tissue. 
10 The anastomosis is then completed anteriorly by 
running the other arm of the  Prokne suture upwards and to 
the right from the outside- 
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1 1 Before completion of the distal open anastomosis with the patient in the Trendelenberg 
position, cold 16" to 20°C blood retrograde cerebral perfusion via the superior vena caval 
cannula (with the inferior vena caval cannula clamped) at  100 to 500 mL/min to keep the 
innominate vein pressure <20 mm Hg is initiated to remove air and particulate debris from the 
cerebral circulation. Pressure in the dural venous sinuses should be maintained below 40 mm 
Hg, including the hydrostatic pressure produced by the head-down position. This is accom- 
plished by an  arterio-venous shunt from the oxygenator's cardioplegia outlet port to a 
connection just before the inlet to the venous reservoir.' 
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13 The commissural support of the incompetent aortic 
valve is resuspended by incorporation into the aortic root 
reconstruction. First, the entire proximal false lumen is 
obliterated with a custom-tailored piece of Teflon felt that has 
been cut to curve over the coronary ostia and to conform to 
all the irregular niches in the most proximal depths of the 
false lumen down to the level of the aortic annulus. The 
proximal aortic cuff is additionally reinforced with an exter- 
nal layer of Teflon felt and, rarely, with a third layer inside 
the true lumen, depending on the integrity of the aortic 
intima. 
12 After completion of the distal anastomosis, trickle 
flow is resumed from the femoral arterial cannula to fill the 
transverse arch and the graft with blood. The graft is then 
clamped, and the “Y-ed” end of the arterial CPB line is 
inserted into the graft to establish antegrade reperfusion. 
This not only allows certain perfusion of the true lumen, 
thereby reducing the risk of thoracoabdominal malperfusion, 
but it also avoids possible retrograde embolization of Clot or 
atheromatous debris into the cerebral circulation from the 
abdominal or descending thoracic aorta. Systemic rewarming 
is then commenced. 
14 After placement of the external and false lumen layers 
of Teflon felt, the full-thickness aortic cuff is prepared using 
a running 4-0 SH-1 Prolene suture starting at the left 
posterior corner and running one arm of the suture along the 
posterior wall in a left-to-right direction. 
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15 The proximal cuff is then completed by running the 
other arm of the Prolene suture upwards and to the right 
along the anterior wall. 
16 The graft is measured and divided to an appropriate 
length. Precise graft length is crucial because an excessively 
short graft places too much tension on the aortic anastomo- 
ses, whereas an excessively long graft can result in aortic 
valvular regurgitation and/or graft kinking. The proximal 
anastomosis is then fashioned in an  end-to-end manner 
using a 54-in 3-0 SH or 4-0 SH-1 Prolene suture. Starting at  
the left posterior aspect of the aortic root, the posterior 
anastomosis is performed by running one arm of the suture 
in a left-to-right direction from the inside. 
79 
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17 The other arm of the Prolene suture is then brought 
upwards and to the right to complete the anterior wall of the 
anastomosis from the outside. 
Direction 
of suturing 
Aortic 
vent 
,/ .- , I 
. 
Completed 
aortic anastomosis 
18 During the final parts of the proximal anastomosis, 
approximately 1,500 mL of warm-blood cardiopkgia is deliv- 
ered into the coronary sinus. The aortic cross-clamp is released 
and an aortic root vent is inserted into the aortic gaf t  for 
deairing purposes. CPB flow rate is inrreased to 70 to 90 &g 
to generate a mean arterial pressure >70 mm Hg. Multiple 
deairing maneuver5 are performed with the heart filled during 
reduced CPB flow rates. Intraoperative TEE is used to ascer- 
tain the competency of the aortic valve and to determine when 
the deairing of the heart has been satisfactorily accomplished. 
After full rewarming and resuscitation, the pabent is weaned 
from CPB and decannulated in the usual manner. 
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COMMENTS 
Postoperative Care 
The goals of the early postoperative period after CPB 
are expeditious wean from mechanical ventilation and 
optimization of end-organ perfusion while maintaining 
good blood pressure control. Intravenous administra- 
tion of a combination of short-acting P-blockers and 
vasodilators is continued in the immediate postopera- 
tive period, titrated to a targeted range of heart rate 
and mean arterial pressure. Any signs of visceral, 
renal, spinal, o r  peripheral ischemia require immediate 
arteriography of the residual dissected aorta with 
contrast injections into both lumens and simultaneous 
measurement of arterial pressures in both lumens to 
ensure adequate end-organ perfusion. In  conjunction 
with intravascular ultrasound, important morphologi- 
cal details concerning the pathological anatomy and 
pathophysiology of the dissection process are delin- 
eated. With this information, further surgical treatment 
of the remaining dissected aorta may be indicated. 
When appropriate, balloon catheters can be used to 
enlarge restrictive small fenestrations and to create new 
ones to decompress the false lumen when antegrade flow 
in the distal true lumen is compromised by  extrinsic 
compression by the false lumen. End-organ compromise 
caused by extrinsic obstruction of the branch true 
lumen by  the dissected false channel can also he 
revascularized with the use of balloon-expandable stents 
guided by intravascular ultrasound. 
Results 
Because of the potential valve-related andlor anticoagu- 
lant-related complications associated with all pros- 
thetic, bioprosthetic, and preserved allograft valve 
substitutes available today, the native aortic valve is 
preserved whenever possible by resuspending the aortic 
coinrnissures and performing a fastidious aortic root 
repair procedure. In  a recent retrospective database 
study from Stanford and Duke Universities of 170 
patients with acute type A dissections, preservation of 
the aortic valve was possible in 79%.4 The type of aortic 
valve procedure (resuspension us aortic valve replace- 
ment us none) was not a significant predictor of opera- 
tive death by multivariate analysis. Concerning durabil- 
i ty of the preserved aortic valve, only 2 of 46 patients 
who underwent valve resuspension (39 acute type A and 
7 chronic type A) and 5 of 131 patients who had isolated 
repair of the ascending aorta required late aortic valve 
replacement. In contrast, 4 of 75 patients who originally 
underwent aortic graft replacement and concomitant 
aortic valve replacement required late redo-aortic valve 
replacement. For patients with aortic valve resuspen- 
sion, the actuarial estimates of freedom from aortic 
valve replacement were 100% and 8Oy0 t 13% (stan- 
dard error of mean) a t  5 and 10 years, respectively. 
These figures for those with initial aortic valve replace- 
ment were 98% rt_ 2% and 73% ? 13%. Similar results 
with comparable durability of aortic valve preservation 
have been reported by other investigators . ' O , l l  
Despite the excellent results associated with aortic 
valve resuspension in patients with acute aortic dissec- 
tions, we continue to advocate routine aortic valve 
replacement in individuals with connective tissue disor- 
ders, such as the Marfan syndrome or  Ehlers-Danlos 
syndrome, o r  those with gross annuloaortic ectasia, in 
whom the limited durability of aortic valve repair, the 
attendant-increased risk of late reoperation, and the 
retention of dilated sinuses of Valsalva do not justify 
saving the native aortic valve. In these patients, aortic 
valve insufficiently is caused, in part, by dilatation of 
the sinotubular junction, distortion or  dilatation of the 
sinuses of Valsalva, annuloaortic ectasia, or a coabina- 
tion of these factors. As a result, the aortic leaflets are 
often overstretched and attenuated, which will limit the 
durability of any attempted repair. In  these cases, the 
most frequently used technique is a composite valve- 
graft procedure with reimplantation of the coronary 
arteries. However, if the leaflets are normal or mini- 
mally stretched and the annulus is a relatively normal 
size, David et a112713 have recently reported successful 
preservation of the aortic valve by reconstructing the 
aortic root, whereby the native aortic valve is reim- 
planted into a tubular Dacron graft. In the absence of 
annular dilatation or  the Marfan syndrome, the aortic 
root is remodeled by correcting the dilated sinotubular 
junction and replacing any of the dilated aortic sinuses 
with an appropriately tailored Dacron graft. Although 
the short-term follow-up of these few reported cases has 
been favorable in terms of aortic valve function, the 
long-term durability of these procedures has not been 
established. The normal aortic root is a dynamic 
structure that changes shape and dimensions through- 
out the cardiac cycle. The diastolic expansion of the 
sinuses serves to decrease the mechanical stress on the 
aortic leaflets. Thus, replacement of the aortic root with 
a rigid Dacron prosthesis may shorten the durability of 
the aortic valve repair. Until greater experience with 
these aortic valve-sparing techniques after longer fol- 
low-up is obtained, the universal applicability of these 
limited results in the setting of acute aortic dissection 
remains unknown. 
Patient Follow-Up and Treatment 
Long-term management of patients with aortic dissec- 
tions involves strict blood pressure control. All patients 
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are treated indefinitely with P-blockers andlor calcium- 
channel antagonists, even if they are normotensive. The 
use of peripheral vasodilators may be necessary, but 
these agents should be used in conjunction with P-block- 
ers because they can actually increase systolic aortic 
shear stress. However, prolonged use of hydralazine 
should be avoided because it is incorporated into the 
mucopolysaccharides of the aortic media and may 
weaken the aortic wall. 
In addition to blood pressure control, indefinite and 
close-imagdng follow-up of patients with aortic dissec- 
tions is mandatory. In the recent retrospective analysis 
of the 30-year Stanford experience of 360 patients with 
aortic dis~ections, '~ over 15% of late deaths in patients 
with type A aortic dissections were caused by aortic 
rupture or  secondary to extension of the aortic dissec- 
tion process (nearly 20% when sudden, unexplained 
deaths were included). This underscores the impor- 
tance of serial surveillance of the entire thoracic and 
abdominal aorta. Our current recommendations for 
follow-up include a baseline contrast-enhanced com- 
puted axial tomography o r  MRI of the thoracic and 
abdominal aorta before discharge. If there are no 
interim changes in clinical symptoms, a repeat study is 
performed in 3 months. If there are no significant 
changes in the caliber of the dissected aorta between 
the two studies, the next study is obtained in 6 months. 
At that time, if there is no radiological evidence or  
new symptoms suggestive of progressive aneurysmal 
degeneration, redissection, or  peripheral vascular com- 
promise, the time interval between scans is extended 
to an annual basis. Only such close-imaging surveil- 
lance will make possible the earlier detection of 
localized false aneurysms downstream and other 
aortic pathology. This, in turn, will allow surgical 
intervention to be taken on an elective basis before 
rupture or  other late complications of the residual 
dissected aorta develop. 
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